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(54) PROCESS FOR THE PRODUCTION OF CLAVULANIC ACID AND/OR SALTS THEREOF 

(57) A batch fermentation is carried out continu- 
ously or semkxMTtinuousiy using strains of Streptomy- 
ces davuligervs ATCC 27064 or mutants thereof. The 
fermentation process is carried out with a strict control 
of the soluble phosphate in the medium, both at the 
beginning and throughout the process. As a carbon 
source, lipids, preferably triglycerides can be used. Sub- 
stantial increases in the production of the antibiotic are 
obtained. 
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Description 



A process is described for the production of clavulanic acid and/or its salts by means of a fermentabon with seated 
.^ c— with a strict control of the concentration of soluble phosphate present dunng me 
fer^ti^ °< carbon sources such as lipids, preferably tnglycendes. 



Prior art 

Clavulanic acid is a molecule of formula 



CH 2 0H 




whose usefulness is based on its capacity to inhibit the enzymes called beta-lactamases. which are possessed by 
£me Gr^ pathogenic microbes such as F^richi^li, K^^flflftWW . and the 

arid mixed with the said antibiotics increases their antibacterial spectrum. 

I™ SnJSiS ^production of clavulanic acid is performed by several strains belonging to 

JSZT* example. cnutoenx ATCC 27064. ftormmt™ Mmm*** 5741 - and 1,18 

As has already been disclosed in earlier patents (European Patent 0.182.522 B1 ). me production of cla^nte aad 
mav be ^creased in batch fermentation when an assimilable carbon source such as. tor example, glycerol ormattose 
r^X^glhe fermentation also instead of only being added initially. However, mis increase in production obtained 
^SSSXSXL Accordingly, an objective of the present invention is to procure a process tor, obta,n,ng davularuc 

JZ * ?J£m a predion which is plainly greater than ,ha, obtained by .he 

5^a^^ 

S fSSltS Holeve, corZy to the finding, reported in .he above papers, we have found. ^ns,ngjy^s«ad 
tfa negative effect of phosphate on me production of clavulanic acid, a substant.al .ncrease .n me *°*>*^*»£ 
°a^c addtXte sate when me soluble phosphate level in me cul.ure medium reaches ^«^^V^ 
^nedTn th«akl range What is more, we have found mat a strict control of the concentration of sduWephosphaU nn 
^ZT^u^la^L influence on me increase in production of me system than Jhej ac.ua. 
ente A a ^-continuous (fed-batch) culture of ftmmmm rMeruS was used tor the production of da- 
Sn£ ST as ^IsWtntibiotics or molecules typ*al of secondary metabolism. For mepurposes oMh« 
2££ me term batch culture indites a fermemation ir, which the r«M .are .mrcduc^ ,mc , ft. ^ 
medium onty initially and me broth is extracted from the fermentation tank only a. me end of me process^ The term sen™ 
c^^(f^^atcfTcu"ure implies a fermentation in which me nutrients are introduced ,mo me c^rrure medium no. 
o^SS^mrc^hc^Te fermentation, and me broth is extracted from me fermemation*nk £ly «> 
oT he^cess. The process of batch or ted-batch production of davulanic acid displays some speaa features of tor- 
InU^TmaJ aS^n, increase in viscosi.y is initial produced. w«h me resumr^fl^ o™^ng an 
aTertaWe level of dissolved oxygen tor prolonging me production phase tor longer per.ods of «,m* Consequertl*a 

""^Sfnuous cuKure is preferentiaily applied tor ob.aining btomass. amino "^^^Z^mTj 
Dcdka J 1966 Theoretical and Methodological Basis of Continuous Culture of Miaoorgansms. pp 493-645. Male* J 
^endTeds Academic Press New York). However, the use of a continuous culture tor obta,n,ng secondary metab- 
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elites (antibiotics) has not really been described, or has been earned out writ- M,m,ted e«!«cy (Vu-Trong 
1982 Biotechnol. Bioengineering 24: 1093-1103; Trangott C.S. et al. 1993 Apol. Microbiol. Biotechnol. 39 «3-437. 
Noack D 1988. J. Bas. Microbiol. 28:101-106). For the purposes of the present specrf.cation. the term cont.nuous c£ 
turetpHes a fermentation in which the nutrients are introduced into the culture medium both at the beg-n.ng and ^also 
h ouXuTfermentation and some portions of broth are extracted from the fermentation tank throughout the fermen- 
ation aTno; o^ y at the end of the latter. We have no* found that, by adding soluble phosphate _to the culure, medium 
arX^ontrol.ing andfixing its concentration throughout the fermentation, it is possible and advantageous t > i da- 
vutanic acid and/or its salts in continuous culture with a high production. In the continuous process, by means of suitable 
£ of ihTcuHure. the viscosity reduces progressively throughout the process, enabling the ™^™JJ>* 
«** oxygen to be maintained (>40%) for longer periods of time without an increase ,n agitation, avoding 
ton Z rnycelium and prolonging the period of production of clavu.anic acid. As a consequence <* <* 
numents andwater complete filling of the installed capacity is achieved, which requires continuous extract™ of the 
££ IrcS^ 4 fetation process, either intermittently or continuously, in order to maintain me wropnate 
wortong volume In this way. and by controlling the process by adding soluble phosphate to the culture rned.ummrough- 
o^mTpTocTss. a lengthening of the fermentation cycle and an increase in tota. production achieved are obtained, 
increasing in turn the production yield per geometrical installed capacity. 

Description of the i nvention 

Accordingly, the present invention provides a process for producing clavulanic acid and/or its sa KsJ by coring 
selectedsfrains of St%Pt o™~* rlaviilioerus ATCC 27064 and/or mutants thereof. in submerged fermentation w.m 
aeSaXtoi ^ 

o^esem* the Culture medium initially and throughout fermentation is fixed and/or maintained w,th,n set ranges. 
deSnS £ eaTtype of culture employed. 500 to 4000 mg/l at the beginning of the fermentation in batch culture <*. 
fnTheTasl^s^-oTntinuous (fed-batch) or continuous culture, between 150 and 600 mg/l at the beg.nn.ng of the fer- 
mentation and between 20 and 1 50 mg/l throughout the latter. ~ ., in 
The process for me production of Cavulanic acid and/or its salts according to the preser, ,nvent^n .s carry c^,n 
the presence of assimilable C and N sources and. optionally, of inorganic sate. The fermentation .s earned out under 

ae ^e^^^^^ -s between 20-C and 40'C. espedally between 22-C and 

3 °' C The C sources may be added as simple or complex nutrients, only initially (in the case of a batch culture) 
through^ me fermentation by means of intermittent or continuous additions m me case of <J* 
bateh) or continuous culture, respectively. Depending on me strain used, these C sources include carbohydrates dex 
mnfster£es^ltose and me Uke). polyols such as glycerol, for example, lipids (chiefly mglycerides either natural or 
sTnme^' Tg^al. any other C»urce which permits me growth of microorganisms. We have four* speohcalry 
mTt iSs ^nd more especiaMy natural or synmetic triglycerides, can be regarded as one of the prefe rred sources tor 
S5y£g out me process of the invention, while there are no references to mis effect in the pnor art. In fad L we have 
M tnat using^uch carbon sources, even only by means of a sing.e initial addrt,on to me culture med.urr 0* tt h cul- 
ture? the production of clavulanic acid and/or its salts can be manifestly increased simply by taking care that me con- 
centration of soluble phosphate remains within me limits defined in the present invention^ 

The culture medium should also carry an assimilable source of organic or inorganic N. such as. for example, soya 
bear ^meaT. corn^e^r. so.uble distillates, yeas, extracts, cotton-seed ftour. peptone. casern or ammonium sul- 

Various inorganic sate, such as sodium, potassium, ammonium, iron, calcium and magnesium, chlorides, sul- 
ohates and phosphates, may also be incorporated in the culture medium. 

T^e davu^c acid concentration may be determined microbiological^ by emp.oy.ng a mjcrobejKoduang beta- 
laclamase^uTas. for exarrple. «^»<>* "maenes. although it is preferable to carry out me determination us,ng 

ics. specifically omer beta-lactams. are extracted, employing ion exchange resins or solvents or any other of me known 

"Te^Jno^hate in me inrtial medium may be determined by a simple and rapid procedure, tor example by 
means of a co^erciaMdt (Boehringer Mannheim Automated Analysis for BMVHrtachi System 704). The <"» 
m^oVis meTeaction of inorganic phosphorus wim ammonium molybdate. This inorganic ' Pn°f™* 'J otM 
TxJesseS as phosphate. To analyse the soluble phosphate, the sample (taken homogeneously from me 
%££££2 beforehand through a Millipore finer of pore size 0.45 ^m or similar in ^« to^esojds^ Th* 
samp* should be taken after me sterilization of the culture medium, since me concentration of soluUe phosphate may 
"SeTaccordance with me sterilization process. Samples may also be taken throughout the fermentation process. 
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The assay of total phosphate is carried out by taking 1 ml of total broth and adding 1 ml of sulphunc acid and 5 ml 
of nitric acid, this solution is evaporated by heating until it has a final volume of 1 ml of a transparent solut.on. This final 
volume is brought to 25 ml with distilled water and assayed by the above-mentioned method for soluble phosphate. 

When the fermentation is carried out batchwise. it has been found that the optimal level of soluble PK»I»"*» at the 
beginning of the fermentation shall be between 500 and 4000 mg/l. and preferably ber^een 800 and 1600 mgA 

If owing to the nature of the starting materials used and to their concentration, the level of soluble phosphate is weir 
above or below these limits, it should be corrected To this end. when the level is below the lower lirrtt. more inorganic 
phosphate may be added before or after the sterilization, for example in the form of potanum or sodium salt, until the 
desired level is reached. Alternatively, part of the soluble phosphate may be preaprtated if its level is very h,gh by adding 
any precipitant for example by means of a calcium compound such as a calcium hydroxide or acetate, or by any other 
system which ensures that this objective is attained. . . . _ . , 

According to the present invention, an up to 5-fold increase in production has been observed compared wrth a fer- 
mentation system without control of the initial soluble phosphate in the medium in batch ojfture Table I shows the 
results of several fermentations carried out with the optimal level of soluble phosphate, and outside this level. 



TABLE I 



Fermentation No. 


Soluble phosphate mg/l 




Clavula 


nic acid 








72 hjioyml 


% 


96 h ^ig/m I 


% 


1 (comparative) 


18 


311 


100 


420 


100 


2 (comparative) 


100 


560 


180 


790 


188 


3 


900 


1410 


453 


2210 


526 


4 


1580 


1550 


495 


2240 


533 


5 


3000 


1410 


453 


1750 


416 


6 (comparative) 


7000 


410 


131 


780 


186 



Percentage increase (%) is understood to mean the production of davulanic acid and/or its salts, expressed as the 
result of multiplying the final value in ng/ml by 100 and dividing this figure by 31 1 (in the case of a 72 h .ncubatwn) or 
by 420 (at 96 h). which represent the results of the fermentation in which the soluble phosphate levels he outs.de the 

° Ptl TOs'^sphate should be soluble in the fermentation broth, as is reflected in the following results in Table II. in 
which similar levels of total phosphate lead to fermentations with very disparate results depending on whether the sol- 
uble phosphate is or is not within the optimal limits. 



TABLE II 



Fermentation No. 


Soluble phosphate mg/l 


Total phosphate mg/l 


Clavulanic acid jig/ml (96 
h) 


4 

7 (comparative) 


1580 
230 


2380 
2265 


2240 
920 



The difference in growth of the microorganism for different phosphate levels does not appear to be responsible for 
the difference in production, at least as a main factor. In Table III. it may be observed that there are drfferent levels of 
production for similar growths, so that the phosphate level appears once again to be the causa of the increase m pro- 
duction. The mycelial volume has been determined in a centrifuge at 2500 g for 10 minutes, (g denotes force of grav,ty.) 
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TABLE III 



Fermentation No. 


Soluble phosphate mg/l 


% Mycelial vol. 


Clavu 


anic acid 






72 h 


96h 


72 h 


96 h jig/ml 


1 (comparative) 


18 


23 


22 


311 


420 


2 (comparative) 


100 


22 


22 


560 


790 


3 


900 


30 


30 


1410 


2210 


4 


* 1580 


30 


30 


1550 


2240 


5 


3000 


30 


30 


1410 


1750 


6 (comparative) 


7000 


27 


28 


410 


780 



During the period of fermentation, it is possible to carry out a process of fed-batch addition of Ph°*p/«te. also 
of the rZir^To me nutrients, dOrtuted^hout the whole fermentation, it has b J"^.^^'^ 
of toL^uble phosphate (initial and added) is slightiy less than the level in ihe batch mode, lying between 400 and 

^ThXput should be effected in such a way that me initial level is between 150 and 600 mg/l. and that the .level of 
sdubfe ph^hate throughout the fermentation is between 20 and 150 mg/l. To th.s end. rt is appropnate to effect an 
Sufof sSuWosZe ion or any predpHant catoum compound, as in the case of batch «erme*tabon depend"** 
Aether rtis nequTed to raise or lower the phosphate level, respectively, in order to maintain rt within theind.cated 
°n\itS^V shX *e results of several semi-continuous fermentations carried out with different concentrations of 

soluble Dhosohate, present initially and added. . . . 

Trr^observed that me total amount of added phosphate is considerably higher, without irrpainng produchoa 
when me" y s?dSTis carried out throughout me fermentation instead of initially All the '-ts ^ o^^.ned 
the concentration of solute phosphate mrc^hcxitm 

8. 9 and 10. in which me level was lower than that required, and No. 16 in wh«h me level was higher. 



TABLE IV 



Fermentation No. 


SOLUBLE PHOSPHATE (mg/l) 


CLAVU LA 


NIC ACID 




Initial concentration 


Total added 


jig/ml 


% 


8 


80 


0 


990 


33 


9 


265 


0 


1230 


41 


10 


520 


0 


2400 


80 


11 


990 


0 


2080 


69 


12 


1530 


0 


1920 


64 


13 


228 


618 


3000 


100 


14 


510 


570 


4020 


134 


15 


722 


594 


3270 


109 


16 


950 


603 


2730 


91 


17 


278 


1710 


3600 


120 


18 


230 


2280 


3360 


112 



In continuous culture, by means of suitable dilution of me culture, me viscosity reduces P^'^^^?* 
the pro^s. enabling me concentration of disserved oxygen to be untamed (>40%) forlonger peoods °« *™ 
an increase in agitation, avoiding fragmentation of me mycelium and prolonging me penod of production of davulanjc 
acid^Ta ZsSe^e^e^ition of nutrients and water/complete fining of the installed capacity * ac^ed. 
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which requires continuous extraction of the broth in order to maintain the appropriate working volume. In this way. and 
by controlling the process by adding soluble phosphate to the culture medium throughout the process, a lengthening of 
the fermentation cycle and an increase in total production achieved are obtained, increasing in turn the production yield 
per geometrical installed capacity. 
5 In continuous culture, as in the previous cases, in batch and semi-continuous modes, an initial addition of soluble 

phosphate is carried out. This addition is generally less than that for the batch and semi-continuous cultures, and is of 
the order of 150 to 600 mg/l. preferably an initial 200 to 400 mg/l, a subsequent level in the broth of the same order, 20 
- 1 50 mg/l. bang maintained for a longer time (50 -100 hours). 

In continuous cultures, as in the batch or semi continuous fermentation, inputs of soluble phosphate salts or Cai- 
ro cium compounds or other efficient sequestering agents are effected in order to establish the requisite initial concentra- 
tions in each case and to maintain the desirjed- concentration during the fermentation. The adcfition of total soluble 
phosphate salts is similar or slightly greater than that used in semi-continuous fermentation. 

Water is, moreover, added to the culture medium from 32 hours onwards, with the object of maintaining the viscos- 
ity of the broth at values below 700 cP. which permits an increase in the amount of nutrients added in the traditional sys- 
is terns, maintaining the level of dissolved oxygen above 40%. and of prolonging the production of clavulanic acid up to 
150- 170 hours. 

During the complete process, a total dilution of 1 .5 to 1 .6 is generally achieved, against 0.9 to 1 .1 for the traditional 
cultures, making the installed geometric capacity ecorwmteafly viable. The process is carried out by adding nutrients to 
the initial medium continuously throughout the fermentation. These nutrients are chiefly the carbon source. From 100 
20 hours onwards, continuous or intermittent extraction of the broth is carried out in a proportion of 2.5 to 14% of the vol- 
ume of the fermenter per day. with the object of keeping the volume constant and the viscosity of the medium to below 
700 cP. The process may be prolonged up to 160 - 170 hours. 

Examples 19-25 are reproduced in Table V. with fed-batch and continuous cultures, with different nutrients and dif- 
ferent levels or inputs of soluble phosphate. 
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55 By way of illustration, the following examples are described: 
EXAMPLE 1 (Comparative) 

An inoculation medium with the following composition is prepared: 
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- Fish meal 




2g 


- Glycerol 




1.5 g 


- Soluble starch 




i.5g 


- Calcium carbonate 




0.2 g 


• Distilled water 


q.s. 


100 ml 



so 



The pH is adjusted to 6.7 and the medium is distributed in 250-ml Erlenmeyer flasks in the proportion of 40 ml per 
flask. The flasks are stoppered and sterilized at 121«C for 20 minutes. 

The mS thus Prepared is inoculated with a suspension of spores of a mutant strain that overproduces cah/u- 
lanic Kid owa^ed by mXs of a step of mutation of Sffmlftrnvm. rtwflWM ATCC 27064 *«h N-met*yl-N 
N^fcotoguanidine and several steps of mutation with ultraviolet light. This suspenswn .s prepared from a slant or plate, 
with a nutrient medium capable of permitting growth and speculation. a , 

Afterinoculation. themedium is incubated for 2 days at 25-C on a rotary agitator wrth an eccentnerty of 5 cm at 250 

rP "\his culture thus prepared is employed to inoculate in the proportion of S% a fermentation medium with the follow- 
ing composition: 



• Soya-bean meal 




4g 


• Maize dextrin 




1 9 


- MOPS buffer (3-{N-morpholino] pfopanesulphonic acid) 




ig 


- Calcium chloride 




10 mg 


- Sodium chloride 




10 mg 


- Magnesium chloride 




10 mg 


- Sodium acetate 




0.1 g 


- Soya-bean oil 




2g 


- Distilled water 


q.s. 


100 ml 



The P H of the medium is adjusted to 7.0 and the medium is distributed in 250-ml flasks in the I"*"*"* !3C i ml 
per flask. The flasks are stoppered and sterilized for 20 minutes at 121'C. After stenl,zat*n. the soluble phosphate « 
measured in one of the flasks, a value of 100 mgfl being obtained. 

By way of example and in order to illustrate the results of fermentatwn No. 1 shown m Table I. 0.5 ml of 0^5% cal- 
dum r^cwe^uton was added to each Mask. After the addition, the level of soluble phosphate was assayed again 
« rn oneTtSTaSTarue d ie mgfl now being obtained, at which .eve. the said fermentation No. 1 was earned out 

" e imenSon medium thusTepared and inocuiated * .nested at ^^.^JT^pTc 
of 5 cm at 250 rpm At 96 hours of incubation, the production of clavulanK acid obtained was 420 ng/ml HPLC. 

EXAMPLE 2 (Comparative) 

50 The procedure is the same as in the case of Example 1 . but addition of calcium hydroxide is not pertorm^^a 
result, ^mentation is carried out in a medium with 100 mgfl Of soluble phosphate. At 96 hours of .negation, me 
production of davulanic acid was 790 (ig/rnl HPLC (see fermentation No 2 of Table I). 

55 FXAMPLE 3 

The procedure is the same as in the case of Example 1 . but in this case addition of calcium hydroxide is not carried 
out anS l ?£ot monopotassium phosphate, added before adjusting the pH. is included in the tormu.a of me ermen- 
^onmiiu^The^o^ 
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tation is carried out in a medium with 900 mg/l of soluble phosphate. At 96 hours of incubation, the production of 
clavulanic acid Was 2210 |ig/ml HPLC (see fermentation No. 3 of Table I). 



is 



35 



40 



EXAMPLE 4 

The procedure is the same as in Example 3. but in this case 0.21% of monopotassium phosphate is included irvthe 
formula. The soluble phosphate is assayed from one flask after sterilization, and it is established that the fermentation 
reamed out in a mediumwHh 1580 mg/1 of soluble phosphate. In this case the total phosphate was also determtned. 
!i f vaTelf 2380 mg/l being obtained, as may be seen in Table II. At 96 hours of incubation, me production of clavulan* 
acid was 2240 |ig/ml HPLC (see fermentation No. 4 of Table I). 

EXAMPLES 

The procedure is the same as in Example 3. but in this case 0.4% of monopotassium phosphate is included in the 
formula The soluble phosphate is assayed from one flask after sterilization, and H is established that the fermentation 
if carried out in a medium with 3000 mg/1 of soluble phosphate. At 96 hours of incubation, the production of clavulamc 
acid was 1750 jig/ml HPLC (see fermentation No. 5 of Table I). 

EXAMPLE 6 (Comparative) 

The procedure is the same as in the case of Example 3. but in this case 0.95% of m< ^ a ^,7 1 . p ^ a ; e J s 
included in the formula. The soluble phosphate is assayed from one flask after sterilization, and rt is established thatthe 
S^ionV^Z out in a mediumwrth 7000 mgfl of soluble phosphate. At 96 hours of incubation, the production 
of clavulanic acid was 780 |ig/ml (see fermentation No. 6 of Table I). 

EXAMPLE 7 (Comparative) 

The process is the same as the one in Example 3. but in this case 0.245% of trtoasic calcium phosphate is included 
in the forlla (monopotassium phosphate is not included). The sotuble phosphate is assayed from one f task after ser- 
LtJon. the tLiuTzzo mg/, of soluble phosphate being obtained. In this c^ethe tote, phosphate » ^s ^sodeter- 
mined, the resutt being 2265 mg/1 (see fermentation No. 7 of Table II). After 96 hours of .ncubabon. the production of 
clavulanic acid was 920 yg/ml HPLC. 

examples a to 18 (see Table IV) 

Art inoculation medium with the same composition as the one described in Example 1 is prepared ard ^ distrib- 
uted in 2000-ml Erlenmeyer flasks with 500 ml of medium. The flasks are stoppered and stenhzed at 121 C for 20 mm- 

""^When inoculation has been performed with a spore suspension similar to the one used in Example 1 . the medium 
is incubated for 2 days at 25'C on a rotary agitator with an eccentricity of 5 cm at 250 rpm. 

400 ml of this culture are taken and used to inoculate a tank with 1 50 litres of the following medium: 



- Soya-bean meal 




2g 


- Dextrin 




2g 


- Monopotassium phosphate 




0.04 g 


- Soya-bean oil 




0.1 g 


- UCON arrtrfoam (Polyalkylene glycol) 




0.1 g 


-Water 


q.s. 


100 ml 



55 



The pH of the medium is adjusted to 7.3 and the medium is sterOized at 121 -C for 20 minutes. Incubauon takes 
place at 28'C for about 30 hours, with agitation at 1 15 rpm. an aeration of 0.5 vMmin and a dome^ V*™"* 0 "W^ 

45 litres of culture incubated under the above conditions are taken and transferred to a tank with 450 litres of the 
following medium: 
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- Soya-bean meal 




4g 


- Dextrin 




2g 


- Soya-bean oil 




0.1 g 


- UCON antrfoam 




0.1 g 


- Magnesium chloride 




0.02 g 


- Ferric chloride 




0 003 g 


• Calcium chloride 




0.01 g 


-Water 


q.s. 


100 ml 



The P H of the medium is adjusted to 7.0 and the medium is sterilized at 121-C for 20 m-nutes. After stenhzat.on 
the soluble phosphate is measured, which in this case gives a result of 200 mg/l to 300 mg/l. H necessary, wrth the 
object of obtiUrtng different initial concentrations, this value is adjusted by adding suitable volumes of 1% moncprfas- 

» s7um phosphatelolution (Examples 10. 11. 12. 14. 15 and 16). or with a calcium compound (Example 8. where *e 
^opriajTvolume of Ca(OH) 2 solution was added). When the soluble phosphate has been adjusted, transfer of the 
45fi*es of inoculation culture is carried out and fermentation commences. The latter takes place while 
constant temperature of 25'C. 1 15 rpm. 0.5 v/v/min for the first 24 hours and 1.5 v/v/mm from 25 hours up to the end 
of fermentation, and under a dome pressure of 0.5 kg/cm 2 . . .. „ . 

25 The different concentrations of soluble phosphate throughout the fermentation were obtained by adding drfferent 
volumes of sterile 1% monopotassium phosphate solution (Examples 1 3 to 1 8). ... . a/V4fin „ 

Automatic control of the pH is performed in order to maintain the latter between 6.8 and 7.2. The followng additions 

are also made: 

30 ■ Soya-bean oil: 100 ml/h from 1 0 to 120 hours. 

oivcerol' 400 ml/h from 32 to 1 20 hours. 
- SS^sphate: 400 to 1400 ml/h from 0 to 25 hours and 1 500 to 5000 mi/h from 25 to 50 hours. 

After 120 h of incubation, the production of clavulanic acid varies between 990 and 4020 *ig/mJ, in accordance with 
as Table IV 

EXAMPLE 19 

The preparation of the media and establishing of the fermentation conditions are carried out as in Examples 8 to 
40 18 (Table IV), but a dextrin concentration of 34 g/l was included in the initial cydejhe add rtion of ^"rol ^s <^eo. 
and only Weichol-92 (synthetic triglyceride with 60% of oleic acid, manufactured by Industna Qu.rn.ca Lassem) and 1% 
monopotassium phosphate were supplied, wrth the following programmes of addition: 



Weichol-92 

Monopotassium phosphate (1%) 



100 mi/h from 10 h to 120 h 

400 to 1400 ml/h from 0 to 25 h and 1500 to 5000 ml/h from 25 to 50 h 



EXAMPLE 20 

The procedure is the same as in Example 19. but the addition of the synthetic triglyceride Weichol-92 is replaced 
by that of soya -bean oil. 

EXAMPLE 21 

The procedure is the same as in Example 1 9. but the fermentation is extended up to 1 72 h, the cw^us^system 
being established with extractions of total broth from 100 h of fermentation onwards in a proportion of 2.5% of the broth 
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extracted every 24 h relative to the initial volume of the fermenter after sterilization. 

Additions of glycerol (33%). Priolube (glyceryl trioleate, manufactured by Unichenta) and monopotassium phos- 
phate (1%) are made according to the programmes: 



Priolube 
Glycerol (33%) 

Monopotassium phosphate (1%) 



100 ml/h from 10 h to the end 
400 ml/h from 32 h to the end 

400 to 1 400 ml/h from 0 to 25 hand 1500 to 5000 ml/h from 25 to 50 h 



FXAMPLE 22 

The procedure is as in Example 21 . but the fermentation is extended only up to 1 50 h and the extraction of broth is 
carried out in a proportion of 9% every 24 h. The additions are modified according to the programmes: 



Priolube 


100 ml/h from 10 h to 100 h 




200 ml/h from 100 h to the end 


Glycerol (33%) 


420 ml/h from 32 h to 1 00 h 




780 ml/h from 100 h to the end 


Monopotassium phosphate (1%) 


400 to 1 400 ml/h from 0 to 25 h 




1500 to 5000 ml/h from 25 to 50 h 




300 ml/h from 50 h to the end 


Sterile water 


312 ml/h from 32 to 100 h 




625 ml/h from 100 h to the end 



35 

EXAMPLE 23 

Tiie procedure is as in Example 22. The fermentation is extended to 1 72 h with an extraction of 14% every 24 h. A 
programme of addition of sterile water is also included in order to maintain the viscosity level low. 

40 



Priolube 


130 ml/h from 10 h to 100 h 




240 ml/h from 100 h to the end 


Glycerol (33%) 


515 ml/h from 32 h to 100 h 




960 ml/h from 100 h to the end 


Monopotassium phosphate (1%) 


400 to 1400 ml/h from 0 to 25 h 




1500 to 5000 ml/h from 25 to 50 h 




300 ml/h from 50 h to the end 


Sterile water 


630 ml/h from 32 to 100 h 




1260 ml/h from 100 h to the end 



55 
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f yAMPLE 24 

The procedure is as in Example 23, but the initial fermentation medium is increased by 30% with respect to all its 
starting materials. The fermentation reaches 155 h and the extraction carried out is of 14% every 24 h. The pro- 
grammes of addition used are: 



Priolube 


130 ml/h from 10 h to 100 h _ 




240 ml/h from 100 h to the end 


Glycerol (33%) 


515 ml/h from 32 h to 100 h 




960 ml/h from 100 h to the end 


Monopotassium phosphate (1%) 


400 to 1400 ml/h from 0 to 25 h 




1500 to 5000 mi/h from 25 to 50 h 




300 ml/h from 50 h to the end 


Sterile water 


630 ml/h from 32 to 100 h 




1260 ml/h from 100 h to the end 



EXAMPLE 25 

The procedure is as in Example 21. The fermentation is extended up to 150 h and extractions are carried out in a 
proportion of 9% every 24 h. The addition of glycerol is omitted completely and the addition of the triglyceride Priolube 
is increased. The additions of phosphate and sterile water are identical to those in Example 22. The addition of Priolube 
is according to the following programme: 



Priolube 


320 ml/h from 10 to 100 h 




590 mi/h from 100 h to the end 



Claims 

ao 1. A process for producing davulanic acid and/or its salts by culturing StffWtQmYCes CtawliQeruS ATCC 27064 or 
mutants obtained from the latter, in submerged fermentation with aeration and agitation, in batch, semi-continuous 
or continuous culture, in which the concentrations of soluble phosphate are fixed at the beginning and/or main- 
tained throughout the fermentation within set values. 

45 2. A process according to Claim 1 . characterized in that the established concentration of soluble phosphate present 
in the medium at the beginning of the fermentation, in batch culture, is f ixed in a range between 500 and 4000 mg/». 

3. A process according to Claim 1 , characterized in that the established concentration of soluble phosphate present 
in the medium at the beginning of the fermentation, in semi-continuous or continuous culture, is fixed in a range 

so between 150 and 600 mgA and/or is maintained within a set range, preferably from 20 to 150 mg/l, throughout the 
fermentation. 

4. A process according to Claims 1 to 3. characterized in that the concentrations c4 soluble phosphate present in the 
culture medium are fixed at the beginning and/or are maintained throughout the fermentation by adding a soluble 

55 phosphate ion, in any of its forms, to the said culture medium. 

5. A process according to Claims 1 to 3, characterized in that the concentrations of soluble phosphate present in the 
culture medium are fixed at the beginning and/or are maintained throughout the fermentation by precipitating the 
said soluble phosphate if the latter exceeds the desired limits. 
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6. A process according to Claim 5. characterized in that the said soluble phosphate is precipitated by adding a cal- 
cium compound to the culture medium. 

7. A process according to any one of the preceding daims. characterized in that a carbon source is employed which 
5 consists of one or more natural or synthetic triglycerides, which are added at the beginning of the fermentation 

and/or throughout the latter. 

8. A process according to any one of the preceding claims, characterized in that one or more natural or synthetic trig- 
lycerides, which are added at the beginning of the fermentation and/or throughout the latter, are employed exclu- 

10 srvety as carbon source. 

9. A process according to any one of the preceding claims, characterized in that the fermentation is carried out at a 
temperature of 20-40*C. 

is 10. A process according to any one of the preceding claims, characterized in that the fermentation is carried out at a 
temperature of 22 to 30*C. 



20 



25 



30 



35 



40 



45 



50 



55 
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